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mice were screened by isolating genomic DNA from tail biopsies and testing for transgenic sequenced by PCR, using the following primer sequences: 5'-GGAAGTGCCAGCTCATCAGT-3' and 5'-GTGCGGGACAGAAACCTG-3'. 15 weeks old female and male mice were included in the study. All procedures concerning animals adhered to the ARVO statement for the use of animals in ophthalmic and vision research. All experiments involving animals were approved by the animal care committee of North Rhine-Westphalia, Germany. Mice were kept under environmentally controlled conditions with free access to chow and water.
| Measurement of IOP
Intraocular pressure of both eyes and both groups was measured at 5, 10 and 15 weeks (n = 6-10 animals/group) using a rebound tonometer (TonoLab, Icare) as described previously. 14, 15 For this procedure, mice were anaesthetized with a ketamine/xylazine cocktail (120/16 mg/kg). All measurements were performed by one examiner at the same time of the day. For each analysis, the mean of 10 measurements was calculated.
| Electroretinogram analyses
For electroretinogram (ERG) measurements, mice were dark adapted overnight. The retinal function was monitored in both eyes using full-field-flash electroretinography (HMsERG system, OcuScience LLC) after 15 weeks as described previously (n = 8 animals/group). 16, 17 Mice were anaesthetized with a ketamine/xylazine cocktail (120/16 mg/kg) and eyes were dilated with tropicamide (5%) and topically anaesthetized using conjuncain. Body temperature was maintained at 37°C with a feedback tempera- A 50 Hz filtering of the data was applied before evaluating the amplitude of the a-and b-wave.
| Retinal ganglion cell counts via flatmounts
At 15 weeks, eyes were fixed in 4% paraformaldehyde for 1 hour and then prepared as flatmounts (n = 12 eyes/group). 18 Briefly, flatmounts were blocked with 10% donkey serum in 0.5% Triton-X in PBS for 90 minutes. Afterwards, they were incubated with the RGC marker Brn-3a (1:300, Santa Cruz) overnight. 
| Immunohistology
In order to identify different retinal cell types, specific immunofluorescence antibodies were applied (n = 5-9 eyes/group, 6
sections/staining; Table 1 TA B L E 3 Sequences of oligonucleotides. The listed oligonucleotide pairs were used in quantitative real-time PCR experiments, while Β-actin and Cyclophilin served as reference genes. The predicted amplicon sizes are given at room temperature overnight. Incubation using corresponding secondary antibodies was performed for 1 hour on the next day.
Nuclear staining with 4',6 diamidino-2-phenylindole (DAPI, Serva Electrophoresis) was included to facilitate the orientation on the slides. Negative controls were performed by using secondary antibodies only.
| Histological examination
All photographs were taken using a fluorescence microscope (Axio Imager M1 or M2). Two photos of the peripheral and two of the central part of each section were captured. The images were transferred to Corel Paint Shop Pro (V13, Corel Corporation) and equal excerpts were cut out. 19 Afterwards, Brn-3a + , PKCα + and opsin + cells were counted using ImageJ software. Regarding GFAP, glutamine synthetase, vimentin, rhodopsin and recoverin, area analyses were performed using an ImageJ macro. 19, 20 Briefly, images were transformed into grayscale. To minimize interference with background labeling, a defined rolling ball radius was subtracted (Table 2) . Then, for each picture, a suitable lower threshold was set. The ideal threshold was obtained when the grayscale picture and the original one corresponded (Table 2) . Afterwards, the mean value of the lower threshold was calculated, and this number was used for final analysis. The percentage of the labelled area was measured between these defined thresholds.
| Quantitative real-time PCR
Both retinae of each animal (five animals/group) were pooled for RNA preparation and cDNA synthesis as previously described.
18,21
The designed oligonucleotides for Quantitative real-time PCR (qRT-PCR) are shown in Table 3 . Β-actin and Cyclophilin served as reference genes. The qRT-PCR was performed using DyNAmo Flash SYBR Green (Thermo Scientific) on the PikoReal qRT-PCR Cycler (Thermo Scientific).
17,22
| Statistics
Intraocular pressure, ERG, and immunhistological data are presented as mean ± SEM. The βB1-CTGF animals were compared to the WT group via two-tailed Student's t test using Statistica Software (Version 13, Dell). Regarding qRT-PCR, the relative expression values are presented as median±quartile+minimum/maximum and were assessed via Pair Wise Fixed Reallocation Randomisation Test© using REST© software (Qiagen). 18, 21, 23, 24 P-values below 0.05 were considered statistically significant, *P < 0.05, **P < 0.01, ***P < 0.001.
| RE SULTS

| Increase of IOP
Intraocular pressure was measured after 5, 10 and 15 weeks ( Figure 1A ). We could not measure significant changes in the IOP between βB1-CTGF and WT animals after 5 weeks (βB1-CTGF:
10.69 ± 1.13 mm Hg; WT: 9.57 ± 0.49 mm Hg; P = 0.3) and 10 weeks (βB1-CTGF: 10.28 ± 0.60 mm Hg; WT: 10.46 ± 0.25 mm Hg; P = 0.8).
At 15 weeks, a significantly increased IOP could be observed in βB1-CTGF animals (17.49 ± 1.09 mm Hg) compared to the WT littermates (11.09 ± 0.20 mm Hg; P < 0.001).
| Decrease of retinal function
At 15 weeks, ERG analyses were performed and all results of the aand b-wave amplitudes are shown in Table 4 . 
| Loss of retinal ganglion cells
To evaluate a possible alteration in the number of RGCs, flatmounts were stained with an antibody against Brn-3a 18 ( Figure 2A ). To confirm the loss of RGCs, cross-sections were labeled with anti-Brn-3a. To detect a possible apoptosis of RGCs, co-staining with an antibody against cleaved caspase 3 was performed ( Figure 3A ).
Additionally, qRT-PCR analyses were performed regarding the
TA B L E 4 Summary of electroretinogram results. For all light intensities, the mean a-and b-wave amplitudes of wildtype (WT) and βB1-CTGF animals and the respective p-values are shown
We noted a loss of RGCs in βB1-CTGF retinae (25.50 ± 2.80 cells/ mm) compared to WT animals (43.59 ± 3.03 cells/mm; P = 0.0005; Figure 3B ). Additionally, significantly more cleaved caspase 3 + RGCs were observed in the βB1-CTGF group (15.41 ± 1.78%) in comparison to WT retinae (6.63 ± 1.60%; P = 0.002; Figure 3C ).
| Macroglia activation
A possible macrogliosis was investigated by labeling retinae against anti-GFAP, anti-vimentin and anti-glutamine synthetase (Müller glia and astrocytes; Figure 4A ). Furthermore, the mRNA expression levels of Gfap was evaluated via qRT-PCR ( Figure 4C ). The GFAP area analysis showed a slight trend to more GFAP signal in βB1-CTGF Figure 4B ). However, qRT-PCR analyses revealed a significant up-regulation of Gfap expression levels in the βB1-CTGF retinae compared to WT (2.2-fold; P = 0.02; Figure 4C ).
Furthermore, a trend towards more vimentin + area was observed in βB1-CTGF retinae (WT: 5.95 ± 0.93 area [%]/section; βB1-CTGF:
9.76 ± 1.67 area [%]/section; P = 0.08; Figure 4D ). Significantly more glutamine synthetase signal was noted in βB1-CTGF animals (11.89 ± 1.17 area [%]/section) in comparison to WT (7.15 ± 1.47 area
[%]/section; P = 0.04; Figure 4E ).
| Decrease in cone bipolar cells
To evaluate the number of bipolar cells, retinae were labelled with anti-PKCα (rod bipolar cells) and anti-recoverin (cone bipolar cells; Figure 5A ). Additionally, qRT-PCR analyses were performed regarding the mRNA levels of Pkcα and Recoverin ( Figure 5C ,E). We Figure 5D ). Also, we noted no
, Retinal cross-sections were stained against Brn-3a (green) and the apoptosis marker cleaved caspase 3 (red) at 15 wk. Cell nuclei were visualized with DAPI (blue). (B), The number of Brn-3a + cells was significantly decreased in the βB1-CTGF mice compared to wildtype (WT) mice (P < 0.001). (C), Additionally, significantly more cleaved caspase 3 + retinal ganglion cells were revealed in βB1-CTGF mice compared to WT animals (P = 0.002). GCL, ganglion cell layer; INL, inner nuclear layer; IPL, inner plexiform layer. Values are mean ± SEM. Scale bar: 20 μm. **P < 0.01, ***P < 0.001. N = 9 eyes/group changes in Pkcα mRNA levels in βB1-CTGF retinae (1.1-fold expression; P = 0.6; Figure 5E ).
| Effects on photoreceptors
At 15 weeks, possible alterations regarding the photoreceptors was investigated. Therefore, L-cones were labelled with anti-opsin and rods were visualized with anti-rhodopsin ( Figure 6A ). Furthermore, Rhodopsin and Opsin mRNA expression levels were analysed via qRT-PCR ( Figure 6C,E) . The density of the rhodopsin + area was comparable in both groups (WT: 9.43 ± 0.88 area [%]/section; βB1-CTGF: 8.51 ± 0.44 area [%]/section; P > 0.05; Figure 6B ). However, a significant down-regulation of Rhodopsin mRNA levels was noted in βB1-CTGF animals (0.42-fold expression; P = 0.003; Figure 6C ). Figure 6D ). The qRT-PCR analyses revealed a significant down-regulation of Opsin mRNA levels in βB1-CTGF animals (0.41-fold expression; P = 0.03; Figure 6E ).
| D ISCUSS I ON
The pathomechanisms leading to glaucoma are still not known precisely. However, an elevated IOP has been consistently associated with the prevalence [25] [26] [27] [28] and incidence [29] [30] [31] of open-angle glaucoma. 1 In most western countries, approximately half of the patients with manifest glaucoma are not diagnosed. 1, 32, 33 To improve both the treatment and the diagnosis of glaucoma patients, it is necessary to have appropriate models. The βB1-CTGF mouse seems to be a promising tool to analyze mechanisms in POAG. In 2012, Junglas et al reported that the overexpression of CTGF led to an increased IOP accompanied with a progressive loss of optic nerve axons. 12 In this study, the transgenic βB1-CTGF mice also developed an elevated IOP after 15 weeks. This is diverging to previous results, where an increased IOP was noted already after 1 month. 12 These varieties could be explained by different environments and mouse strains. In the original paper, the mice were analysed in a mixed background of FVBN/CD1 in the first generation, whereas the mice used in this study were in a pure CD1 background. The CD1-strain is an out-bred F I G U R E 4 (A), Macroglia were stained using GFAP (green), vimentin (red) and glutamine synthetase (red) labelling. DAPI (blue) visualized cell nuclei. (B), A slight trend towards an enhanced GFAP signal was noted in βB1-CTGF animals (P = 0.09). (C), However, a significant up-regulation of Gfap mRNA levels were noted in βB1-CTGF retinae in comparison to wildtype (WT) (P = 0.02). (D), In βB1-CTGF retinae, a trend towards more vimentin + signal was noted (P = 0.08).
(E), Regarding glutamine synthetase, we observed significantly larger staining area in βB1-CTGF mice compared to WT (P = 0.04). GCL, ganglion cell layer; GS, glutamine synthetase; INL, inner nuclear layer; IPL, inner plexiform layer. Values are mean ± SEM for immunohistology and median±quartile+maximum/minimum for qRT-PCR. Scale bar: 20 μm. *P < 0.05. Immunohistology: n = 5 eyes/group; qRT-PCR: n = 5 animals/group strain with a higher genetic variability. Furthermore, it is described that the same experiment, performed in two laboratories, can lead to a discrepancy in the results. 34 , 35 Nevertheless, we could constantly measure an increase of the IOP in βB1-CTGF mice. In this study, we focused on IOP-dependent damage in the retina. Simultaneously to the observed IOP elevation, we could also detect an apoptotic loss The majority of retinal diseases are associated with reactive gliosis. [37] [38] [39] The astrocytes and Müller glia cells become reactive during the pathogenesis of glaucoma, characterized by morphologic alterations and expression changes. [40] [41] [42] We found that the observed loss of RGC cells is accompanied by changes of the macroglia cells in the retinae of the βB1-CTGF mice. The immunohistological analysis showed a slight increase of astrocytic markers like GFAP and vimentin, but we found a profound increase of GFAP mRNA in the βB1-CTGF mice. We assume that the changes could be the start of a 
